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-rhis report presents the results of work performed in
the development and testing of a Coal Face Measurement
System. It begins with a review of the measurement
method; and the techniques, hardware, and system
operation procedures. 	 The next portion of the report
is devoted to a description of the tests performed at
the Department of Energy facility at Bruceton, PA.
Conclusions are given in the final section.
bo : Q`°4(tet P
1.0 SYSTEM MEASUREMENT METHOD
1.1	 Introduction
A measurement system was developed for  t ht- L i ckho t t
longwal l shearer to determine the cent uur it the ► • t to 1
face as it mines coal. Contour data is obtained by an
indirect measurement technique based tnn evaluat ititt tho
motion of the shearer durir ►, t mi ni ntt. St art i nit t i orn a
known location, points alontl the coal f acv ai t , o q t ab l i shod
throuqh a knowlodtiv of tho machines' pos i t ions- and yaw
movements as it moves least the coal faces.
The equipment used in this system can be yrrtul ed i nt tt t hr ot,
Darts. Theses are:
1-) An angle transducer assvreihl y
2) ,A distar,-o transduc-c a r ds.,wmidy
3) Data stew t-aqe and rvducti.on o f l'e't rttn i t s
The angle transOucers measures they anAtl t , l,t't woon t 1`tipoot i rt'
track sections as tho shearor provoods alt)ntt the ookil taco.
The distance transducer functions in conjunvt. ion with thoi)i
to obtain relative angle's at known positions. At t or oori-
pletely cutting the coal face the accumulated data is




The transducer assemblies are shown in Figure 1.1. The
data storage and reduction electronics is housed i.n an
explosion proof enclosure.	 see Fiqure 1.1.1.
The coal face measuring equipment was constructed at the
Benton Corporatior> and then transferred to the Department
of Ener(ty test facility at Bruceton, PA. Tests were per-
formed there for three different coal fake profiles by
physically shaping the track. The system results were
compared to manually measured values and after analysis
shown to be within 00.1 foot of the correct contour.
1.2  Me Asurvrnout Surface
The topocfiraphy for a longwall mine complex is illustrated
in F'itdure 1.2.
	
The survey marks are points for which
coordinates have been established. All other points between
are unknown.
The t_vchtiitluc.- used to measure the coal profile consists
of invasurinzt the angle between "Eicotrack" rack sections
over which the shearer moves, and then performing trigono-
metric ca1vulations to determine its relative shape. The
rack sections are approximately two and one half feet in
length and are Assembled with conveyor "pan" sections to





























































Figure 1.2 I.ongwall Mine - Top View
Figure 1.2.1	 Track Sections
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fl
of the unit can total several hundred feet. The actual
measurement surface is the "Eicotrack" rack face. It is
located on the "yob" side of the conveyor which is the
side away from the coal face. See Figure 1.2.1.
2.0 SYSTEM CONFIGURATION
2. 1 Genera 1
A block diagram of the system is illustrated in Figure 2.1.
It is divided into intrinsically safe and unsafe equipment.
The safe equipment consists of two high accuracy resolvers,
one incremental optical encoder and initiation switches.
These pieces are housed in the transducer assemblies. The
remainin q equipment is housed within an explosion-proof
enclosure.
'	 An^ile Measurement
The an(ale transducers are mounted in a mechanical support
structure called the "angle cart". This unit contains the
mechanics that allow the transducers to accurately produce
repeatable angular positions. The angle transducers are
intrinsically safe brushless resolvers and are directly
connected to the angle measuring shoes. Figure 2.2 provides
in exposed view of the "angle cart".
The angle between rack sections is measured differentially by
























(a) Side View - Partially Uncovered
(b) Top View - Completely Uncovered
Figure 2.2	 Angle Transducer Assembly
r, , .
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surface and are displaced from one another by a distance
that is adequate to bridge two rack sections simultaneously.
This relationship is illustrated in Figure 2.2.1.
-_.. ►.	 tit -solver
FI%julC 2. 2.1	 Track Angle Measurement Technique
The measuring device is designed so that 6, the angle
between sections, is the sum of 81 and 9 2 . This design
permits the measured angle value to remain independent
of the angle measuring device location.
Wear and vibration may generate errors if the initial
relationship between the two resolvers is disturbed.




t	 and rosultra in an orrot which occurs at a discrete interval
of time. when it does occur, all angle measurements there-
atter deviate from the correct value by the same fixed
amount. wear produces a change in the measurements which is
ni
gradual but cummulative. These two problems are handled
by making a calibration measurement, across a surface that
does not chanov, just. prior to measurinq a rack angle. This
measurement is known a. the "bias angle measurement" and is
made alon g each rack section. Uncertainties that arise
because of surface irreqularities are handled by making a
large number of Llas measurements over a short distance of
track rather I hail tine measurenu , nt at a fixed point.	 In the
computation phase, the bias readings are averaged and the
rrsult is subtracted from each anqle reading to prevent any
accumulative error.
2 . 3 Dintonce Measurement
C	 Distance mt , a:;urement is comprised of defining 1) where the
coal shearer is relative to a known starting location and
2) whvn bias and an(ile measurements should be made. The
equipment needed to perform these functions consists of
electronic detection and measurement circuitry operating in
con j unction wit h in ^ncod i nil transducer which is inter-
connected through Llearinq to the shearing machfne drive rack.
0
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Distance is measured by counting pulses that ori g inate from
a 500 line optical incremental encoder. The encoder is
located inside a support structure called they distance cart
which is mounted overtop the shearer drive rack. A five
point starwheel-type year contained in tht- distance cart
makes contact with the rack and rotates one fifth revolution
for each 126 millimeters of forward movement. They starwhoel
rotation is transferred to the encoder through a system of
gears that permit distance measurement to be resolved to
every 1260 micrometers of travel. Figure 2.3	 illustrates
the side and bottom views of the distanco transducer assrmbly.
Before distance can be measured, a known reference point
must exist.	 This paint , known .i:; i li p• . , i ►► 11 ►► int , is
de f i ned by the simultaneous  . p ct i va t i un c ► I I i m i t :car i t chart
and the encoder zero pulse. To guarantee that only one
reference point occurs along a coal face the limit
switches are geared to the starwheel so that one actuates
for every 7.14285 rotations and the other for every
357.14285 rotations. This coarse/fine configuration
guarantees that only one reference indication occurs for
each 885 feet of shearer motion. Once the zero reference
point has been defined, absolute distance is measured by
an electronic up/down counter which accumulates pulses
from the encoder as the shearer moves alonq the face.
Wo




The position at which bias and angle measurements are made
I	 is determined by a second set of electronics that operates
in con juwiction with the encoder and the absolute up/down
counter. The initial point at which tho first bias
measurement occurs is defined by a cimipar.rtor netwoi k out-
put that goes high when the absolute position value is
greater than a thumbwhool not value. As tho comparator
goes high, another counter network turns on and it is this
counter's output which is compared with a distance measure-
ment value, an angle start value and a distance measurement
recycle value. The operation of the second counter is
cyclic since the shearer rack geometry is cyclic.
2.4 Roll Measurement
The roll transducer is mounted within the explosion-proof
enclosure. The transducer produces an electrical signal
proportional to angular displacement relative to a vertical
reference. The unit consists of a pendulum submerged in
damping fuild. The pendulum's position is sensed to
provide an analog voltage output of one half volts per
degree of inclination. The analog output signal is con-
verted into digital format by a twelve bit D/A (digital-to-
analog) converter. The most significant bit weight is 16






The measurement system is designed to operate as the longwall
shearer makes its numerous passes across the coal face.
During this time the hardware electronics is sending
transducer readings to the system microprocessor (Rockwell
A T M 6500) for temporary storage. Each time the machine moves
to the end of the conveyor track the accumulated data is
stored on a cassette tape. After this transfer the same
temporary data is reduced mathematically by computer firmware
(non-volatile software) into a useable format for display.
Durin 1 the calculation process the y prosont data is reduced
with data acquired when the shearer was first installed
in the mine. Normally before the first run the conveyor
track is aligned as straight as possible. Then manual
measurements are made of the conveyor track to obtain the
exact alignment. The re_sultinq "manual data" is put on a
non-volatile integrated circuit memory chip which is added
to the system to become a part of the firmware. Afterwards
the shearer traverses the total coal face to obtain angle
information defined as the "initial run data". Subsequently
this and the "manual data" becomes the basis of all the
system calculations.
G	 be 262-400	 1S
G	 The system firmware performs the following:
1) Initialize :system
2) Input and store transducer data
I 	 3) Transfer accumulated data to tape
4) Reduce accumulated data to a display format
5) Display contour of longwall conveyor
6) Provide information on multiple shearer
parameters.
A general system flow chart is given as Figure 3.1.
3.2
	 Power-up and Initialization
At power-up the computer zeroes all of the data anti control
registers. It then configures each input/output port for
correct data flow. The computer also sets numerous control
registers and retrieves the conveyor "manual" data from
non-volatile memory for later use. After set-up the computer
begins to convey visual information to the machine operator.
The first display reads "At headgate position push start
hulton". When the operator acts upon this instructive
command the distance and angle counters ait • zeroed and the
acquisition of data is enabled.
The operator may alternately set the system for An "initial
run" by setting the initial run (key-type) switch to "on"
before power-up. When this is clone the initialization
routine is the same except that the cassette tape is also
C





















1. +	 Data Acquisition
On the physical system thc , resolvers are di3placed by fifteen
inches from one another. Each bias measurement is then made
across a five inch span of the thirty inch trackage starting
at a point that in three and one half inches from the end
for the trailin g l transducer and eighteen and one half inches
for th. • lvadintt t rans(itivi-r. 	 MoaFturt-mvnt is complete when
the trailin q transducer has moved eiqht and one half inches
from the track section end - and the leadinq transducer has
MOVed to the twenty-three and one nalf inch location. An
angle measurement is initiated when the trailing transducer
has moved to t 11" oi(thteen and onv h.il t inch lccation and the
leadinq transducer has moved onto the next track section
three and one half inches. It is completed when the trailinq
transducer has moved an additional five inches to twenty-
three and one half inches and the leading transducer to the
ei ght anu one half inch point. Fiqure 3.3	 illustrates
the technique used to mike these measurements.
The procedure that is used to obtain transducer readings
is primarily determined by the distance and angle








Number of angular samples
Start location of first bias measurement
Start location of angle measurements
Mea:;urrmc • nf cycle repetition distance
ure 3.3.1.
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Figure 3.3.1	 Uata Acquisition Sequence
The electrica l h,irdwar y pvi loi ms two m.i lut I unot ionic.	 F'i I st
it keeps track of the linear distance traveled by the mining
machine from the start point. The sreond use is to obtain
and add up the 100 r-asurement samples for each angle. After
addition the data is temporarily held and the computer is
sent an interrupt signal.
Upon recoipt of this signal the data is immediately trans-
ferred to temporary memory for future application. The
computer Vwn takes a roll moasurrment, saves the result




After making readings on the last conveyor track section
the system transfers to tape the accumulated bias, angle,
and roll me p surements. This data is stored on a digital
cassette recorder in serial phase encoded (Ri-phase-level)
format. The recorder used to store this information is a
Ray and Model 6406 "Raycorder". This serves as the lonq
term, non-volatile, bulk data storatte device for this
project.
The information is retained on tape in the form of files.
t.ach file corresponds to oiw "iuii" )t the minin,l machine;
where a "run" is the action of cutting the complete coal
face once. A 300 foot cassette tape was selected and can
retain the runs tener.it i-d ()v , -e	 i t ► ne muint h porind.
If the mining machine has just completed an initial run,
then this original data is also transferred to non-volatile
memory for future use.
3. S	 Data Reduct,on
The data reduction consumes the most time of the many
system activities. As an example; a mining machine with a
conveyor track 600 feet long would require approximately
two minutes of system data processing. The numerous
calculations that are made by the system computer are out-
lined as a general flaw chart in Fiqure 3.5.
F
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After thy• data has hoon converted to decimal values the
1 1 1, 00ram caloul.rt t .• , t ito hian dh-viat icon for each reading.
This is donr by comparing the present biaF measurements
with th o "initial run" bias measurements. Under normal
condition-, this difference would be very close to zero.
As soon as this calculation has been performed for each
v.ilue then thr .rvor.rttt . hias deviation is determined.
The combined computation performed is:
N
R	 =	 (	 F.	 (R i - B 	 init) )/N
i=1
where:
B	 -	 ,average bias deviation
B 
	 -	 present bias value
R. init - initial run bias valueI
N	 -	 number of angles measured
The next prooram segment calculates the angle change
across vach rick ;sect icon by summmi n(t t Ito manually measured
data to the difference value; the difference value being
the deviation of thc• present angle measurement from the
initial run angle value. The computation performed is:
A (i.)	 -	 (Ai pros -A i init)
	












(i)	 - corrected angle value
Ares - present angle value
init - initial run anclle value
1111111
	 -	 manu.illy measured angle value
^^ i t h the rvsu l t s t i om the t wi ) prat m— d i ii(t c-yuations we can
r i lru 1 ,rtcr the actual an(1 les between each rack section.
1'he ecluat ion use.l is:
I	 I
A (1	 (A (i) - 14)
=1 i^l
whe re:
A (I) - referenced angle value
A (i) - corrected angle value
It	 -	 ave ractc , bias  va1ue
Future	 3.").1 cIv.ii I  !.ho^wr; tht . !;ummation process.
Ficrure 3.5.1	 Graphic Summation of Measurement Anqles
be 262-400
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At this time the firmware determines the 'Y' coorc
for each rack section referred to the position of
t	 first rack.	 The tlenera l equ,ition is:




Y (j) - uncorrected Y value
L	 - length of rack section
A (I) - referenced angle value
Pioure 3.5.2 presents a simple example. Y (0) eyi





IY3	 i	 I^	 1
Y2	 t	 1
1'g	 Y1




Once the last uncorrected Y coordinate value is .ietermined
the conveyor track can be referenced to the position of
the zero rack section. This is dent , by calculatino the
initial angle.	 In the following explanation Piyure 3.5.3





Piyure 3.5. 3 Graphic Initial Angle Determination
The initial .itvilt- wi ll1-1 k- dt-'Avt'd lilt)-A .11100M itt'l\' l)%' usin,1:
8.1 (act ual)	 -	 at ctan (Y List/X1)
where:
8. (actual) - accurate initial angle value1
Y last	 - last uncorrected Y coordinate value
X1	 - accurate X distance
be 262-400	 26
A very close approximation to this would be:






	 e i (practical) - practical initial angle value
Y last	 - last uncorrected coordinate value
L	 - length of rack section
N	 - number of rack sections
The aresine equation was used becautie it dove; not require
the system to calculate all of the X coordii7aies and thus
saves on computer processing time. Also the angles derived
from each equation were very similar. The equation used by
the computer is:
R = aresin ( Y
 ( )- N(N) )
where:
R	 - initial value
Y (m) - Y value for rack zero
Y (N) - Y value for last rack
L	 - length of rack section
N	 - number of rack sections
The last major calculation that the microprocesoor performs
is to determine the Y coordinates for each rack section







	 Y (3 - 1) ♦ L " SIN ( L (A(I)+R) )I.1
whe re:
Y(J) - corrected Y value
L	 - length of track section
A (I) - referenced an<t le value
it	 -	 i n i t ial ang le
Ise resulting coordinate relationship is represented by
T
	
;;^ — — -
^'O	 'J^ 	 YS
^^- '	 Y 3	
Y 4
Y1	 Y2




The coal face measurement system provides the lonqwall
machine operator with two useful display routines. The first
displays the qeneral curvature of the conveyor track while
the second pinpoints particular physical parameters of the
mining machine.
As the system operates, the curvature of the conveyor track
is automatically displayed each time the mining machine cuts
be 262-400	 28
f . 1
the complete coal face. This curvature is specified as
the physical displacement of the track from an imaginary




to the other. The length of the track is divided into
15 equal segments which allows for a track contour dis-
placement to be presented for 15 locations. The displace-
ment is in feet and the direction of the curve is either
toward the coal face (FACE) or away from the coal face (GOB).
The operator sees an alternating display showin(t tho dis-
placement to either side of the center line. The display
alternates every four seconds. See Figure 3.6.
0	 1 1	 2	 2	 i	 1.	 1	 0	 -	 -	 - -	 A FACE:
1	 2	 1 1	 0 GOB
Figure 3.6 Conveyor Displacement Display
During a mining operation the operator can also obtain the
following system parameters:
1) Previous displacement of any rack
2) Present roll of the mining machine
3) Roll of any rack previously traversed
4) Actual distance of the mining machine
from the starting point
be 262-400	 2n
These functions may be c.11ed by first momentarily pushing
the "function" pushbutton on the XP enclosure. Secs Figure
3.6.1.
	
This permits the computer to enter the display
routine and present instructions to the operator. By
following the displayed directions, tilt , uperaLor is lead
step by step through the display format. Figure 3.6.2
through 3.6.4 deEcribes the computer activites, the infor-
mation displayed and the actions requires of the machine
operator.
The system also signals the shearer operator for any of
the following possible conditions:
1) Power failure
2) Resolver an,pil.ir	 (,rror
3) Cassette loading error
4) Cassette tape error
5) Cassette tale	 full
A resolver error is flagged when the computer senses that
an angle reading is ten degrees or more. If this occurs
the system displays question marks to insure that the
operator does not act on erroneous data. A cassette
loading error is signalled when a cassette has not been
inserted and/or the recorder door has not been closed.
A cassette tape error occurs whenever the recorder determines



























Figure 3.6.1	 XP Enclosure
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G	 3. 7 Data Retrieval
Each time the coal face is completely cut the accumulated
readings are saved on the cassette tape for future
C'	
evaluation. Thus after approximately one month a new
cassette must be installed in the system. For protection
from any contaminants, the cassette recorder mechanics is
It	
contained within a separate sealed box. So instead of
switching tapes, boxes will swapped. In order to retrieve
the data from the tape an identical Raymond cassette recorder
should be used. And with the appropriate Raymond formatter
option, direct input to a computer is accomplished.
01
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4.0 TEST RESULTS
.	 4.1 General
The accuracy specificat9on for the yaw measurement equipment
required that the overall system be capable of calculating
the true curve for a 600 foot coal face to within t 12 inches
of its true position.
System accuracy was confirmed through the performance of
nine tests at the Bruceton facility. These tests included
me,isurc• ment acros4 a straight track, a track bowed approxi-
mately two feet towards the coal face and a track bowed
approximately one toot away from tht • coal face. All testing
was performed utilizing fifteen Eickhoff pan sections to
obtain a representative longwall configuration. Figure 4.1
illustrates the straight face track geometry at the Bruceton
facility.
a.2 Test Procedure
t	 The initial test to confirm system performance was under-
taken on a straight track. The test results were positive.
The straight track tests were rerun two additional times
t to confirm repeatability. Attain the results were very good.
For the series of measurements the maximum deviation between
the manually me-sured values and the system measured values














The track was next bowed approximately two feet towards
the coal face. The bow was placed about midway between
the end points in an attempt to generate large positive
`	
and negative angle readings. Three tests were m,-' and
r
compared with the actual track curvature. The actual
' 111d c oniputed rvnul t:; were the same to within .29 inches.
Figure 4.2.1 illustrates the track geometry and the
computed results.
The third configuration was a bow approximately one
foot away from the coal face. The results between
computed and actual qeometries were the same to within
.11 inches.	 Fiqure 4.2.2 illustrates the track geometry
and the computed results for this configuration.
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5.0	 CONCLUSION
A microprocessor based contour measurement system adaptable
to the Eickhoff shearer was developed for underground use.
The equipment was tested successfully at the Bruceton
facility for a number of simulated coal face contours.
Results indicate that the equipment can -.-epeatedly measure
shearer conveyor angles to within ± 0.05 degrees and con-
tours to within 0.1 foot of the correct value.
Several measurement techniques were developed that bear
promise for use with other mine related equipment. The
resultant equipment includes intrinsically safe angle and
distance measuring transducers.
The anyle measurement system required that a non-contacting
low ener qy transducer be acquired. A search resulted in
the procurement of a low voltage 1 minute accurate size 11
resolver. Circuiting was developed for use with it and
the simultaneous goal of accuracy and intrinsic safeness
was achieved.
An incremental optical encoder was acquired, combined with
energy limiting circuitry and limit :witches to achieve
an intrinsically safe absolute distance measuring system




The complete measurement system is presently under review
by MSIIA for compliance with intrinsic safety standards.
When approval is received the equipment will be taken
underground and tested for operability in a mine environment.
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A.0 COMPUTER OPERATION
A.1 General
The computer developed for the coal face measurement
system consists of four inteclrat ed circuit boards.
The AIM 6500 microcomputer makes-up the "heart" of
the system. A memory board serves as the "'.,rains"
and two I/O hoards allow tho "hone t and brains" to
communicate externally. Piqure A.1-1 presents the
important features of each board.
The: computer takes on the character of	 a measuremont
system with inclusion of o1wrot ant plolrams. Thoso
proyrams are 1 istcd as Figure A.1-2 and are looAtod
on EPROM	 (Electrically 1'roelramahle Read Only Memory)
chips.	 They thus become a )'art	 o' tht•
system.
In they following literature the proorams .are hrioi ly
discussed, shown as flowcharts,  and completely listed.
















10	 8 bit Ports per Board
Figure	 A.1-1 System Computer Hardware
A.1-2 System. Computer flrogr_ams
REGISTER sr,rot,






A.2 Program Execution Sequence
Immediately after turn -on all of the computer




operation. After thin+ tho vontputer juml K to tho
BASIC routine which temporari1y jumps to a normal-
ization routine. When complete, the eompute3r
returns to the BASIC routine which si(inals the
operator when ready.
While the coal is beinq cut the system is continually
moving between the BASIC; and Data 11and l ing routines.
The Data Handl intl routine inputs and storos the-
generated bias, an(Ile, and roll data. At the end
of each run, after all data has been input; they
accumulated data is transferred to tape.
A. ter reli 1 icat ion the data is reftood ,i i job ra ica 1 I%,
to a useable form by the BASIC routine. 1110 coml)uter
jumps to thu Cut it otii 1) 1 , ;111 iy i mit i tit - . tn.l pi q , tit , n t
the calculated results to t he systom operatur.






































A.2-2	 I)ata Hand] inq Plowcli.0 t
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A.3 Input /Output Setup Program
The very first step that the computer makes is to
i t	 send the tape recorder a stabilization command.
i
	
	 This is done to insure that the tape does not
move until required. After this all of the
system input/output ports are c-onfi.jured for their
particular application. The computer now executes
the BASIC driver routine.
Figure A.3-1 shows the flowchart while Fi gure A.3-2




















Figure	 A.3-1 Input/Output Setup Program Flowchart
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___ :^?^+ F'6:=F:^rE+z ADIDA4 STA DDML
F =[:000 D[AF =$9E0-- ==14.+46
85: F4r_• STA DDEL
1:!?NTF:OL
	 FE 151ETEPS ==1,000 DDEP=l'3E02 5^[OA5 STA D D A P
:FR6:E STA DDER
(	 = =_•000 ==D0:10
.2N'4-- EA STA DDtiT
I A:^E»S5 : TA DGE'T
F'OF' T	 SET FOP'	 OUTPUT
Cl _F'AC
	 :.1 ==G COAT=f: F
►_ L D A MIFF
_-	
?:i^ IF:EC'=^'^:,^:t: ==C'i:+^t ►:t E T	 I [>G =i^— x=(,etc?
E:;, C % F20 .TA DDAC,
000 C:PRL = 1	 01 s, ESA2 :TA DDE=
WDPMMLI E TAFE UNIT
__: =k, ►^ CP'SL =	D FORT SET FOR OU%-IN
20E C L D A #$00
Cl, l ►: P A!'t =	:; Rt31 C•FA^- 2, =TA	 C : P6C C+4ED LDA # S v F
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:.E;R	 A .T!1	 C P PS JL01P	 TCl 8A_ IC
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- ,.	 .
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The main program utilised by the measurement
system is the BASIC routine. All operations,
if not performed as a parts originate from it.
The program completes two major processes. One
section calculates the general coal face contour
from the accumulated data while another section
displays more detail on the mining machine and
its operation. The most recent addition to this
program requests the operator to enter the mining
machine's track end-point locations. This inform-
ation references the measurement system results to
a knoAn coordinate geometry and thus closes the
man-machine feedback loop.
Figure A.4-1 shows the flowchart while Figure A.4-2

















































10 POKE4. SO: FO1 E5, 2
19 N=USP(0)
MI-PEEK 1 '952> : G
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THEN1CF. Cl
F =1; 152 GO_ UE'11 ' . 13





11:^ R=R- I NE':T RETU
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1420 Y=O ; =^.,
1: ►? PRINT"" : PRINT"
D T PLr Y Ri :ITIriE° . G13
II E 11 C,
140 PRINT" " PRINT"
PUSH FUNCTION BUTTON
It
150 FRINT" " PPINT"
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4	 R=P--1
4:::Ci i F Pz0THENP
440 150T0420
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Figure A.4-2 BASIC Program Listing	 OF POOR QUALITY





:+50 IFF'EF k , :"o:: , =2
SITHEN660
ii+l IFT=1000007HENF
QY E: 9^: r 2 C, GOT0:`0
i7;! T:T+1 : GOSUB45S
150TCU650
7oC+ h0 ► E:?a^1 k1 IFY
1=0"BEN I FYI'w0'l HEN I FY
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,00 PRINT II " PRI NT"
E14TFY TOC' LARGE" GOS
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'10 T1=0 PRINT" 
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I FY1 = 5THENPF I N
T 1 ' ":PRINT"ROLL G"Y'
"DEGREE'S" GOT01100




1061 FOPN=1TCl2 : Y'=F'
EEK(40704)
1062 Y:=PEEK(40706)
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11:+0 PRINT'' " : PRINT
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1240 PRINT" " PRINT
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190 N=N+1 : NE:,;T
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1450 V=Y/ (M1+1 > RsR
TNt V,'SQR(-V*V+i:
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15;0 POf.EI '?:+ 5+N. D(
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:	 12854THENliN
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1680 PRINT" ":PRINT
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Whenever the Register getup program is executed
the coal face measurement system is placed on a
ready status. In this routine the system power
is checked, all of the temporary control registers
.ire setup, and if necessary the tape is rewound.
Figure A.5-1 shows the flowchart while figure
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2005EF JSR SEF05 OUT
D
CB	 INY
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TUPN PEC )RDEP ON
s=64=:C AAA
8908 LDA W
8D0996 _: TA  FED
==44 72
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xw64 7 f. C CC
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: : r. :^-PAGE CC'.: TANTS





A:00 LDA 0100	 E I
S5 : 4 5T4 !F4
AK9 LDA $ I: Z
8TF` STA rF0.^
A: C+ l LDA $ I0C+
	 Alg!.c.; STA IF6
A9_ c LDA 01:t
85F' STN !F'
ss^4.+h1
85F'. S ; A IF-.
LI-A «1: C*
STA IF:;,
A900 LC -A ROLL
85F14 :TA IFA
A940 LDA 014 0
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SHE.45 ETA 14`06 PNT
P
SDOC45 STA I4`NC CNT
F
8['^:+C4` STA .r4^0C^ DRF
$-1445 STA 14514 3FR
8D040 STA $4Sa4 PAE
8DQ748 STA 14507 CTE
==64CE
8D6A48 STA S00A TFP
A: Sl	 LDA N151 YP
8D0:46 STA SAEO:
GET PUN 0 FACE CODE
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	 LDA 0S .T'S
85e!	 STA 101





















; TAFE TO LOADPOINT
;LOAD COMMAND READY
A977	 LDA 017'




	 Register Setup Program Listing continued
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EDROM RML ADD; TO 4
• n E542 EPROM FMH ADGR TO 0
LOAD COMMAND SENT • n 45CS LSTORE
•TAPILI:ES FECORGER ••657C HSTORE EE6148 INC RMLEE0248 INC RMH 2050D1 JSR PPM
A?57 LDA 61!7 20MI JSF PROMH 2000D5 JSR FPFOM
8D029T :TA	 F_ : 20001-6 J5F PPROM EEOF45 INC LCOUNT
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2 :10 AND 0910 A'$00 LDA *SOO
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861645 :TA RMLHIB 2OFdE9 JSP =E=F^ CRL
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The program that is executes 	 -%t often by the
system is the one that inputs and stores all of
the data. This routine occurs cacti time the
angle and distance electronics hardware sends
an interrupt signal to the computer. When ac-
tivated, the input resolver angle sum is divided
by the number of samples and the result is
temporarily stored for later calculations. The
program is also designed to detect resolver
failures which would not be averailed out by
data reduction.
Figure A.6-1 shows the flowchart while Figure
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Figure A.6-2 Input/Store Program Listing
be 262-400 A25
s = -; 5E GI'lI -E E?^^ E'': as:
i 0E`-'•4
PHF FT
`' ^F4` ROL  .ALT 4R ?G'
=	 !'k' +- c i_0EC?	 45 R :' ► JBYT 4!; L: ^' ti
_'B'' ltF:^
^A FGL M 4H =C' 1
E':- si r
#^
E.-^L' CBI: MJFc^ [':t ►-+ Et^E EI^;Fr- _' :- ^ . t ' T
6:1
..^c,a y C 3^4 C^i:45 = T R PE"HI
8 a C, E': OR R': L H
D0 EB E:NE _ L . _ 0R RED
E:?t.: EIS-
-`t=T Q h!.-FL Ctt:^^3=
-
:Il i --- • _




T- C' 4 5,^c.. . F I^_L F'	 -,il	 TE_ _^ -t,- ^TNIN .,	 ^^^^F.,.,1R	 INDEF
-
R I G H T E N 01.1 RCCC!	 4`_ 6. ^E"FiIt^
==-_'
	 S5 -
:^ k4 545 STr; F'ENr';:N C	 w45 :T I&Y"E
N:-:j0.4F LDP kE-!A L T 0R r_ L -
1' K. Cl : T LCI:JE'T 7 its R_^
- R.LMC'.	 .:5l^ ►:1M rt	
_
fir ai_'5 - - - __	 _-
c.,c F;, 01 R D 0 45 sir 1 :T B	 TE
Chr+^JOEt 4R l =F R -	 -
4R Lak R 4: F= E1:1
Ll
6'^FR hC'i: a3' c :. - _
- -
T 
nom:.,_, L C,; _-_
EEl_ - 45




LC'A F E': LC?W
T A	 A L CI' I	 Y
Illy







= E T CH DF+TP - ..'+TER
zzE?C,F FUEI'









^45 LD1; F'E. : ^J
-.	 TA	 L:_




4 . p H f^
ANN: LD'' MBA:
C L 
LC' Y 0V: =
LYL
AGCi 7,9 05, LD S! - -
_ _,^•: EMI ,	 _	 .^









91FA	 :T A ^..: ? C	 Y
C	 I N';
s:c.+5^
4:Ciit	 TM = F ';T
i	 •	 [, TM






4-,F .c FI N
 #T--F
8D ►:ir4r. :T - T- PE
Ir4 1T IHL PJN
[.!CiCi7	 El. NE MtJ'-_
A:+:+1 •^: ^CH
F ►_,:1E	 E E-:
rrt;uL :'M ? H
"E PNG
AD ►+:45 LD^t rE=L: ►J
C:8	 I NY
AD3= 45 LDH PE= H I







SE ;:+. 4! F. - -'^
I tc: REMEN'	 . .








E r. ^ 	 I N 	 i =-
E#.,F -	INS: _-"
41 C.t'6.:. JM F _ ; T
1ELECT NE"
E6F Ili	 yr





Input/Store Program Listing continued
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'figure A.6-5 Input/Store Program Listing continued
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A.7 Data Transfer Program
Fach time the coal face is completely cut the
Data Transfer Program is executed. If after
cutting the coal the system power is still clood
then the accumulated data is cc.pied to tape. If
the system happens to be making an 'initial run' then
the generated information is also retained on an
EPROM.
Figure A.7-1 shows the flowchart while Figure
A.7-2 thrvugh A.7-6 presents the actual program
listing.
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Figure	 A.7-4 Data Transfer Program Listing continued
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A.8 Contour Display Program
After the BASIC routine reduces the coordinate
data to a useable form the results are presented
*o the operator by the Contour Display program.
This proqram is designed to provide the dis-
placement of the track to the nearest one-half
foot in either the FACE or GOB direction.
Additionally it displays any of the possible
system errors which could theoretically occur.
Figure A.8-1 shows the flowchart while Figure
A.8 -2 through A.8-4 presents the actual program
listing.
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Figure	 A.8-1 Contour Display Program Flowchart
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Figure A.8-3 Contour Display Program Listing continued
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Figure A.8-4 Contour Display Program Listing continued
C'
	 be 262-400	 A40
1
11.9 Starting Point Program
The Starting Point Program enables the coal
face measurement system to produce automatic
repeatable operations. This program is
accessed from the BASIC routine and the Contour
Display routine. Whenever the mining machine
returns to its' original position this program
directs the system to normalize itself for the
acquisition of new data.
Figure A.9-1 shows the flowchart while Figure
A.9-2 presents the actual p-agram listing.
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A.10 Utility Programs
The following are small programs which are used by
the measurement system during normal operation:
1) Run Number Program
The Run Number Program enables the EPROM Programmer
Program to fetch and save the run number register.
2) Arc-Tangent Program
The Arc-Tangent Program allows the BASIC routine to
calculate the ARCSIN (x) function used in its' data
redaction section.
3) L•'1 1 KOM 1 1 rugrammer Program
The EPROM Programmer Program enables the system to
permanently retain the initial run data and record
the latost run number. Thus a battery is not re-
quired to back-up the system to retain this information.
4) EPROM Reader Program
The EPROM Reader Program is a dedicated routine to
fetch information from the system EPROM.
Listinq s for those four programs are presented as
Fi gure A.10-1 through A.10-4.
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EPROM Reader Program Code
ai
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A.11 System Memory Map
ki
The memory usage for the coal face measurement
system is presented as F'iqure A.11-1. It shows
the allocation for the 64,000 possible memory
.addresses. The syt • tem programs are found in
io)
	
	 ts ►o groups. The following routines begin at
hexidecimal aadrer- ^20110:
ft	 1) BASIC Program
2) Input /Store Pro(I r::m
3) Data Transfer Program
The remain-.ng routines begin at hexadecimal address
DO00:
1) Input/Output Setup Program
2) Run Nuniter Program
3) Starting Point Program
4) Display Program
5) Arc-Tangent Program
6) EPROM Programmer Program
7) EPROM Reader Program
8) Register Setup Proqram

















































































Figure A.11-1 System Memory Map
